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(57) ABSTRACT

Disclosed 1s a method and a headset for reducing pop-noise
In voice communication between a user and a far-end
device. The headset has a first, a second and a third electro-

acoustic mput transducer for reception of audio mput sig-
nals. The headset also has a first beamformer to provide a
voice signal. The first beamiormer 1s configured to optimize
the voice-to-background noise ratio. The headset comprises

a second beamiformer configured for providing a pop-noise
signal. The pop-noise signal 1s based on the first input signal
from the first input transducer, the second input signal from
the second 1input transducer, and a third input signal from the
third mput transducer. The second beamiormer 1s adaptively
configured to cancel voice and background noise while not
cancelling pop-noise. The headset compares the pop-noise
signal to the voice signal to determine time periods and
frequency bands having pop-noise.
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MULTI-MICROPHONE POP NOISE
CONTROL

PRIORITY DATA

This US patent application claims priority to European

patent application no. 17179056.1 filed on Jun. 30, 2017,
which 1s hereby incorporated by reference herein.

FIELD

The present disclosure relates to a headset for reducing
pop-noise 1n voice communication between a user and a
tar-end device. The headset comprises a first, a second and
a third electro-acoustic mput transducer for reception of
audio mput signals.

BACKGROUND

To 1mprove suppression ol background noise, headsets
are olten equipped with gradient microphones and/or mul-
tiple with microphones with beamiorming, preferably
mounted near the user’s mouth on a microphone arm.
Unfortunately, such microphone systems are very sensitive
to pop noise—as well as to wind noise and handling noise.

Pop noise may be suppressed by external windscreens,
made e.g. of foam, and/or by moving the microphone away
from the mouth. Effective windscreens are generally large
and bulky, and moving the microphone reduces the voice-
to-background-noise ratio—in particular at lower frequen-
cies. During phone calls, pop noise may stress the far-end
participant considerately.

SUMMARY

There 1s a need for an improved suppression of pop noise
in a headset microphone.

Disclosed 1s a headset for reducing pop-noise 1 voice
communication between a user and a far-end device. The
headset 1s configured to be wormn by the user. The headset
comprises a microphone boom having a first end and a
second end. The first end 1s configured to point towards the
mouth of the user, when the user 1s wearing the headset. The
headset comprises a first, a second and a third electro-
acoustic mput transducer for reception of audio i1nput sig-
nals. The first, second and third electro-acoustic input trans-
ducer are provided in the microphone boom. The headset
comprises a lirst beamformer configured for providing a
voice signal. The voice signal 1s based on a first input signal
from the first mput transducer. The first beamiormer 1is
configured to optimize the voice-to-background noise ratio.
The headset comprises a second beamformer configured for
providing a pop-noise signal. The pop-noise signal 1s based
on the first mput signal from the first input transducer, the
second 1nput signal from the second input transducer, and a
third input signal from the third input transducer. The second
beamformer 1s adaptively configured to cancel voice and
background noise while not cancelling pop-noise. The head-
set comprises a comparator configured to repeatedly com-
pare the pop-noise signal to the voice signal within each of
multiple frequency bands to determine time periods and
frequency bands having pop-noise. In the determined time
periods and frequency bands having pop-noise, the pop-
noise, 1 an output signal configured to be transmitted to the
far-end device, 1s reduced.

Also disclosed 1s a method in a headset for reducing
pOp-no1se 1n voice communication between a user wearing,
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the headset and a far-end device. The headset comprises a
microphone boom having a first end and a second end,
where the first end 1s configured to point towards the mouth
of the user, when the user 1s wearing the headset. The
headset comprises a first, a second and a third electro-
acoustic input transducer for reception of audio signals,
where the first, second and third electro-acoustic input
transducer are provided in the microphone boom. The
method comprises receiving a first audio signal in the first
clectro-acoustic mput transducer, a second audio signal 1n
the second electro-acoustic mput transducer and a third
audio signal 1n the third electro-acoustic input transducer.
The method comprises providing a voice signal 1n a first
beamiormer, the voice signal 1s based on the first input
signal from the first mput transducer, where the first beam-
former 1s configured to optimize the voice-to-background
noise ratio. The method comprises providing a pop-noise
signal 1n a second beamiormer, the pop-noise signal 1s based
on the first mput signal from the first input transducer, the
second mput signal from the second input transducer and the
third 1nput signal from the third input transducer, where the
second beamformer 1s adaptively configured to cancel voice
and background noise while not cancelling pop-noise. The
method comprises repeatedly comparing, 1n a comparator,
the pop-noise signal to the voice signal within each of
multiple frequency bands to determine time periods and
frequency bands having pop-noise. The method comprises
reducing the pop-noise 1n an output signal configured to be
transmitted to the far-end device in the determined time
periods and frequency bands having pop-noise.

It 1s an advantage that pop-noise in the output signal 1s
reduced, as this provides a better and more pleasant trans-
mission ol the user’s speech to the far end device.

Pop noise 1s strongest and thus worst close to the mouth
of the person speaking, 1.e. user of the headset 1n this case.
Pop noise 1s weaker further away from the mouth of the user.
Therefore 1t 1s an advantage that 1in the time periods and
frequency bands where pop-noise 1s present in the user
speech, this pop noise can be reduced. Reducing the pop
noise can be performed 1n different ways.

As the pop noise 1s worst closest to the user’s mouth, the
input signals from the input transducers, e.g. front micro-
phone(s), on the microphone boom closest to the user’s
mouth may for example be replaced with the mput signals
from the mput transducers, e.g. rear microphones, further
away on the microphone boom from the user’s mouth.

Pop-noise may be defined as wind turbulence caused by
airflow from at least the mouth of the user wearing the
headset. Pop noise, also called pull noise, 1s wind turbulence
caused by airflow from mouth of the user speaking 1n a
microphone or input transducer, e.g. a microphone of a
headset worn by the user. It 1s assumed 1n the following that
breath noise which originates from the mouth but also the
noise 1s treated by the methods intended for pop noise
described herein. The pop noise wind turbulence inflicts
movements of the microphone membrane of the microphone
of the headset. Pop noise may be caused by plosives, which
are oral-stop consonants such as p, t and k, generated by
talkers, singers and other vocalists speaking 1mm a micro-
phone. In communication using €.g. a communication head-
set, pop noise can lead to a very stressiul experience to the
far-end side of the conversation.

A model of pop noise involves human language, speech
production, fluid mechanics, and/or electro-acoustics. Some
characteristics of pop noise exist, which can be exploited:
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Pop noise depends strongly on distance to jet from mouth.
Hence microphones that are further away from the
mouth are less exposed.

Pop noise exhibits very low correlation between micro-
phones (incoherency).

Pop noise 1s time-varying, and much of the time, there 1s
no pop noise.

Pop noise has a time-varying tilted power spectrum,
dominated by low frequencies.

Thus pop noise 1s strongest and thus worst close to the
mouth of the person speaking, 1.e. user of the headset in this
case. Pop noise 1s weak further away from the mouth of the
user. Pop noise 1s a low-frequency noise.

The headset and the method as disclosed provides that
pop noise 1s removed from the output signal while perform-
ing optimal background noise cancellation and preserving
tull voice quality.

The headset comprises a first, a second and a third
clectro-acoustic put transducer, e¢.g. three microphones.
The electro-acoustic mput transducers are mounted on a
microphone boom. Preferably the electro-acoustic input
transducers are arranged in an end-fire configuration on the
microphone boom.

A voice signal 1s be provided by the first beamformer. The
voice signal 1s based on at least the first input signal from the
first input transducer. The first input transducer may be the
input transducer which 1s closest to the user’s mouth on the
microphone boom, when the microphone boom 1s arranged
in 1ts intended position relative to the user’s mouth. The first
beamformer 1s configured to optimize the voice-to-back-
ground noise ratio. The voice signal may be based also on
the second mput signal from the second 1nput transducer.
The first mput transducer and the second input transducer
may be the two mput transducers which are closest to the
user’s mouth on the microphone boom, when the micro-
phone boom 1s arranged 1n 1ts mtended position relative to
the user’s mouth. The third mput transducer may be the
rearmost or far input transducer relative to the user’s mouth,
when the microphone boom i1s arranged in 1ts intended
position relative to the user’s mouth.

The pop-noise signal 1s be provided by the second beam-
former based on signals from all three input transducers. The
second beamformer 1s adaptively configured to cancel voice
and background noise while not cancelling pop noise.

The comparator 1s configured to repeatedly compare the
pop noise signal to the voice signal within each of multiple
frequency bands to determine time periods and frequency
bands, e.g. time-1requency cells, which have high content of
pop noise. The comparator may be or may comprise a pop
noise detector or pop noise sensor.

In the determined time periods and frequency bands
having pop-noise, the pop-noise, 1n an output signal config-
ured to be transmitted to the far-end device, 1s reduced.

Reducing the pop-noise 1n the output signal may comprise
replacing the pop-noise with another signal, and/or sup-
pressing the pop-noise with another signal, and/or removing
the pop-noise. For example the pop-noise may be replaced
with the third mput signal from the third input transducer,
since this third mput signal comprise less pop-noise

A mixer may replace the voice signal with the signal from
the third iput transducer, e.g. the rearmost microphone, in
time-Trequency cells having high content of pop noise. The
resulting signal or output signal 1s provided to the commu-
nication system, such that the far-end device receives the
user’s voice with reduced pop-noise.

The headset may comprise more than three input trans-
ducers, such as comprise four, five, six etc. input transduc-
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4

ers. Accordingly the first beamformer may process more
than one or two 1nput signals from input transducers.

The mixer may replace the voice signal with a comifort
noise or with silence 1n the time-frequency cells having very
high content of pop noise. The mixer may suppress the voice
signal 1n the time-frequency cells having very high content
ol pop noise.

If there are two front mput transducers, then the voice
signal or a primary signal 1s formed by beamforming one or
both of the two front mput transducers. Optionally more
input transducers may be included in the primary signal
beamiormer. This beamiormer 1s configured to optimize the
volice-to-background noise ratio.

A pop-noise sensor, which may be a beamiormer or a
virtual microphone, may be formed by using three or more
input transducers. This beamiormer 1s adaptively configured
to cancel voice and background noise while not cancelling
pop noise. Finally the pop noise sensor may be compared
with one or more i1f the front input transducers to determine
time-irequency cells that have high content of pop noise.

In a mixing process, the parts of the voice signal or
primary signal that contains pop noise may be replaced with
the input signal from the rear or third mmput transducer
microphone, and/or with a comfort noise or silence 1n severe
cases.

The headset comprises a microphone boom having a first
end and a second end. The first end 1s configured to point
towards the mouth of the user, when the user 1s wearing the
headset. The second end of the microphone boom 1s con-
figured to be mounted at the headset, e.g. at an output
transducer, at an earphone housing or speaker housing of the
headset, at the ear of the user etc.

The headset comprises a first, a second and a third
clectro-acoustic mput transducer for reception of audio
signals. The audio signals are input signal. Thus the first
input transducer 1s configured to receive a first input signal.
The second mput transducer i1s configured to receive a
second mput signal. The third 1nput transducer 1s configured
to receive a third mput signal.

The headset comprises a first beamiormer configured for
providing a voice signal. The voice signal 1s based on a first
input signal from the first input transducer. The first input
signal from the first input transducer may be provided to a
processing unit for generating a voice signal. Thus the
processing unit may comprise the first beamformer. The first
iput transducer may be a gradient microphone, a noise
cancelling microphone eftc.

The first beamformer may be adaptive, e.g. the first
beamiormer may be configured to cancel audio mput from
different audio sources.

Speech parts and noise parts of the input signals may be
correlated. Pop noise parts i the mput signals may be
uncorrelated.

The first beamformer 1s configured to optimize the voice-
to-background noise ratio and/or to suppress the noise
compared to the voice.

The headset comprises a comparator configured to repeat-
edly compare the pop-noise signal to the voice signal within
cach of multiple frequency bands to determine time periods
and frequency bands having pop-noise. These time periods
and frequency bands may be termed time-frequency cells.
Time periods and frequency bands having pop-noise may be
time periods and frequency bands having high content of
pPOp nNoise.

The directional characteristics of the input transducers can
be controlled, adapted or configured such that the input
signals from two of the input transducers, e.g. the two front
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microphones, can be substantially similar and thereby the
speech and/or noise from these mput signals can be can-
celled. By using three mput transducers, both speech and
noise can be cancelled.

When using beamiormers or directional microphones,
pop noise will be present. It 1s an advantage that by the
present headset and method, pop noise can be detected and
reduced.

In some embodiments pop-noise 1s wind turbulence
caused by airflow from at least the mouth of the user wearing
the headset.

In some embodiments the first mput transducer and the
second imput transducer are arranged on the microphone
boom with a shorter distance from the first end than the
distance between the first end and the third input transducer.
Thus the first and the second input transducer may be
arranged 1n the first end of the microphone boom which 1s
configured to be arranged close, proximate, adjacent to the
mouth of the user, when the user wears the headset 1n 1ts
intended position. The first and the second nput transducer
may be front microphones or input transducers. The third
iput transducer may be a rear microphone or input trans-
ducer. The third mput transducer may be arranged on the
microphone boom in further away from the first end, such as
closer to the second end. There may for example 0.5 cm
from the first end to the first and the second input transducer.
There may for example 2 cm from the first end to the third
input transducer. Thus the third input transducer 1s arranged
on the microphone boom with a larger distance from the first
end than the distance between the first end and the first input
transducer and the second 1nput transducer, respectively.

In some embodiments reducing the pop-noise 1n the
output signal comprises replacing the voice signal with the
third 1nput signal from the third input transducer in time
periods and frequency bands having pop-noise. This may be
obtained by providing a mixer in the headset, where the
mixer 1s configured for performing the reduction, the
replacement etc. A replacement beamiormer may be used for
performing this. The replacement beamiormer may be a
beamiormer consisting of input transducers where no pop or
no pop-noise 1s detected, e.g. the third mput transducer and
a fourth mput transducer, or e.g. the third mput transducer
and the second input transducer.

In some embodiments reducing the pop-noise in the
output signal comprises mixing the voice signal, in time
pertods and frequency bands having pop-noise, with a
comiort signal and/or with the third input signal.

In some embodiments reducing the pop-noise 1n the
output signal comprises suppressing, such as removing the
voice signal in time periods and frequency bands having
pop-noise. Hereby for example silence may be provided
instead of the pop-noise. The pop-noise may be suppressed
by providing another signal instead of the pop-noise.

In some embodiments the first beamformer 1s adapted to
optimize the voice-to-background noise ratio by using a
Mimimum Variance Distortionless Response (MVDR) com-
putation or a Generalised Sidelobe Canceller (GSC) com-
putation.

The first beamformer may use other similar methods, for
example blind source separation etc. The first beamformer
may be an adaptive beamiormer. The first beamformer may
be a predefined beamformer with a specific sensitivity.

Generalized sidelobe cancelling, see e.g. Ivan Tashev;
Sound Capture and Processing: Practical Approaches, pp.
388, Wiley, July 2009, refers to a beamiormer which has a
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constramnt built into the processing structure to conserve a
signal of interest, which 1s the user speech 1n the headset use
case.

-

The GSC may have two computation branches:

-

The first branch may be a reference branch or fixed
beamiormer, which picks up a mixture of user speech and
ambient noise. Examples of reference branches are delay-
and-sum beamformers, e.g., summing amplitude and phase
signals aligned with respect to the user speech, or one of the
microphones taken as a reference. The reference branch may
preferably be selected and/or designed to be as imnsensitive as
possible to the positioning of the microphones relative to the
user’s mouth, since the user speech response of the reference
branch determines the user speech response of the GSC, as
explained below. An omni-directional microphone may be
suitable due to the fact that 1t 1s relatively insensitive,
relatively speaking, to position and also to microphone
sensitivity variation. In a multi-microphone headset micro-
phone boom design, the rear microphone which may be
situated nearer to the rotating point of the microphone boom,
where the rotating point 1s typically at or hinged at the
carphone of the headset at the user’s ear, may be preferable
since 1t 1s less sensitive to movements of the microphone
boom. Thus, preferably this provides no change of the
amplitude spectrum of the user speech signal.

The second branch of the GSC computation may compute
a speech cancelled signal, where the signals are filtered and
subtracted, by means of a blocking matrix, 1in order to reduce
the user speech signal as much as possible.

Finally, noise cancelling may be performed by the GSC
by adaptively filtering the speech cancelled signal(s) and
subtracting i1t from the reference branch 1n order to minimize
the output power. In the ideal case, the speech cancelled
signal (ideally) contains no user speech component and
hence the subtraction to produce the noise cancelled output
does not alter the user speech component present in the
reference branch. As a result, the amplitude spectrum of the
speech component may be identical or very similar at the
GSC reference branch and the output of the GSC beam-
former. It may be said that the GSC beamformer’s beam 1s
centered on the user speech.

Thus a generalised sidelobe canceller (GSC) system or
computation may be used 1n the method as well as other
systems, such as a Mimmum Variance Distortionless
Response (MVDR) computation or system.

Minimum vaniance distortionless response (MVDR)
refers to a beamiormer which minimizes the output power of
the filter-and-sum beamiormer subject to a single linear
constraint. The solution may be obtained through a one-step,
closed-form solution. Often, the constraint or the steering
vector 1s selected so that the beamiformer maintains a
uniform response 1n a look direction, 1.e. the beam points in
a direction of interest. The steering vector may be designed
so that the amplitude spectrum of the user voice or speech
component 1s 1dentical at the input, 1.e. the reference, and
outputs of the MVDR beamiormer.

The MVDR beamiformer computations are briefly sum-
marized below for a single frequency band. The signal
model, 1’th mnput,

X, =C;S+H,

where s and n, are the user speech and 1’th ambient noise
signals, respectively. ¢, 1s the complete 1’th complex
response incorporating the microphone amplitude and phase
responses, mput electronic responses and acoustic path
responses.
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The filter-and-sum beamformer may be written,
y:wa

The MVDR beamformer minimizes the output subject to
a normalization constraint,

WMVBR:MgH]in< v |2>

subject to wa=q
The closed form solution to the MVDR cost function is,

Cla
altC-1g’

Wuvbr =

where C and a are the noise covariance matrix and the
steering vector, respectively.

The steering vector a, and g=1, 1s selected in order to
constrain the beamformer’s voice or speech response to be
equal to a ‘best’ reference microphone. Selecting the most
advantageous microphone 1n the interest of being robust to
microphone boom positioning 1s described above for the
GSC beamiormer.

Constraining the beamformer’s voice or speech response
to be equal to the reference, 1.e. “best’, microphone may be
achieved by using the relative mouth-to-mic transier func-
tions as steering vector

where the fraction a, may be approximated without having
access to the ¢, by estimating the complex transfer function
from the 1’th microphone to the reference microphone of the
user speech component.

As a result, the user speech component may be 1dentical
or similar in the reference microphone and at the output of

the MVDR beamiormer. This 1s proved below:

H
Y =W Xyoice Szcref'l's

M M
Z Z Cj
# _ *

CFEf

Further 1n analogy to the GSC system, the noise covari-
ance matrix may be estimated and updated when a voice
activity detector (VAD) indicates that the user speech com-
ponent will not contaminate the estimate too much.

The steering vector, the noise covariance estimated and
the MVDR solution may be updated at suitable intervals, for
example each 4, 10 or 100 ms, balancing computational
costs with noise cancelling benefits. A regularization term
may be added to the noise covariance estimate.

In some embodiments the second beamiormer adaptively
cancels voice and background noise while not cancelling
pop-noise by cancelling the parts of the mput signals which
are correlated between mput transducers/microphone and
keeping the parts of the mput signals which are uncorrelated.
Pop-noise may be uncorrelated between input transducers.
Speech and ambient noise may be correlated between 1nput
transducers.

In some embodiments the first imnput transducer and the
second mput transducer are arranged to provide that the first
input signal and the second input signal are more correlated
than each of the first input signal and second input signal are
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correlated to the third input signal. The speech and noise
parts of the input signals may be correlated between input
transducers. The pop or pop-noise parts of the mput signal
may be uncorrelated between input transducers. The first
input signal and the second input signal being more corre-
lated may mean that these are correlated to a higher degree.

In some embodiments the headset comprises a fourth
input transducer. In some embodiments the headset com-
prises a fifth, a sixth, as seventh, an eight etc. mput trans-
ducer, on the microphone boom. More mput transducers will
improve the pop-noise reduction.

In some embodiments the voice signal provided by the
first beamformer 1s further based on the second input signal
from the second input transducer, and/or the third input
signal from the third input transducer and/or the fourth input
signal from the fourth input transducer. The pop-noise signal
provided by the second beamformer may also be based on
the fourth mput signal from the fourth input transducer.

In some embodiments the headset comprises an output
transducer for reproduction of audio signals. In some
embodiment the output signal 1s transmitted to the output
transducer thereby applying the reduced pop noise output
signal to the user of the headset. The output transducer may
be a speaker, a receiver etc. Transmitting the pop-noise
reduced output signal to the output transducer of the headset
provides that the user of the headset can hear the same
output signal as 1s being outputted to the far-end device. This
1s called sidetone. It 1s an advantage that user can hear the
same signal that 1s transmitted to the far-end device, such
that user places the microphone boom correctly.

Sidetone 15 a term used in telecommunication describing
the own voice feedback which 1s given to, e.g. a headset
user. In order to achieve this eflect, the headset microphone
signal 1s added to the loudspeaker signal. This helps the
headset user to control the level and character of his/her
voIce.

In a situation where a pop noise control system 1s being,
applied to the transmitted audio, 1t 1s useful that pop noise
control 1s also applied to the sidetone, reflecting the reduced
level of pop noise experienced by the far side of the
conversation. Otherwise, the user would hear his/her own
voice pop noise and adjust the microphone boom further
away Irom the mouth. This would lead to a poorer voice-
to-background noise ratio 1n the transmitted signal and thus
counteract the 1dea behind applying pop noise control to the
transmitted signal.

Thus, pop noise control, e.g. low-latency pop-noise, may

be applied to the sidetone.

The sidetone production may be low latency, e.g. less than
10 ms, 1n order to be perceived naturally. On the contrary,
the latency requirement on the transmitted signal 1s not
similarly strict, e.g. a typical mobile conversation has 250
ms end-to-end latency. Therefore, a low latency version of
the pop noise control 1s preferable, trading sound quality for
low latency.

Low latency pop noise control for the sidetone can, for
example, be achieved by applying the switching signal from
the transmitted pop noise control to the sidetone signal, but
without compensating for the detection look-ahead. The
switching would then be a little ‘late’ all the time.

In some embodiments the first, second and third electro-
acoustic input transducer are provided in the microphone
boom 1n an end-fire configuration. An end-fire configuration
may comprise that two of mput transducers are arranged
closer to the first end of the microphone boom, and that one
or more input transducers are arranged further away from
the first end of the microphone boom.
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In some embodiments the microphone boom 1s longer
than 5 cm, such as longer than 6 cm, such as longer than 7
cm, such as longer than 8 cm, such as longer than 10 cm,
such as longer than 12 cm, such as longer than 14 cm. It 1s
an advantage that the microphone boom 1s long, since then
the first and second 1nput transducer, e.g. front microphones,
can be close to the mouth, and the third input transducer, e.g.
rear microphone, can be further away from the mouth, as this
achieves the eflfect of reducing pop noise.

The present invention relates to different aspects 1nclud-
ing the headset described above and in the following, and
corresponding system parts, methods, devices, systems, net-
works, kits, uses and/or product means, each yielding one or
more of the benefits and advantages described 1n connection
with the first mentioned aspect, and each having one or more
embodiments corresponding to the embodiments described
in connection with the first mentioned aspect and/or dis-
closed 1n the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages will become
readily apparent to those skilled in the art by the following
detailed description of exemplary embodiments thereof with
reference to the attached drawings, in which:

FIG. 1 schematically illustrates an example of a headset
for reducing pop-noise 1n voice communication between a
user and a far-end device.

FIG. 2 schematically illustrates an example of a headset
for reducing pop-noise 1n voice communication between a
user and a far-end device.

FIG. 3 schematically illustrates an example of a headset
for reducing pop-noise 1n voice communication between a
user and a far-end device, and at the same time providing
sidetone.

FIGS. 4A-4B schematically illustrate an example of a
headset for reducing pop-noise in voice communication
between a user and a far-end device.

FIG. 5 schematically illustrates an example of a time,
frequency graph showing pop-noise 1n the speech of a user.

DETAILED DESCRIPTION

Various embodiments are described hereinafter with ref-
erence to the figures. Like reference numerals refer to like
clements throughout. Like eclements will, thus, not be
described 1n detail with respect to the description of each
figure. It should also be noted that the figures are only
intended to facilitate the description of the embodiments.
They are not mtended as an exhaustive description of the
claimed invention or as a limitation on the scope of the
claimed invention. In addition, an illustrated embodiment
needs not have all the aspects or advantages shown. An
aspect or an advantage described in conjunction with a
particular embodiment 1s not necessarily limited to that
embodiment and can be practiced in any other embodiments
even 11 not so illustrated, or 1f not so explicitly described.

Throughout, the same reference numerals are used for
identical or corresponding parts.

FIG. 1 schematically illustrates an example of a headset
2 for reducing pop-noise 1 voice communication between a
user and a far-end device. The headset 2 1s configured to be
worn by the user. The headset 2 comprises a microphone
boom (not shown) having a first end and a second end. The
first end 1s configured to point towards the mouth of the user,
when the user 1s wearing the headset.
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The headset 2 comprises a first electro-acoustic input
transducer 10, a second electro-acoustic input transducer 12
and a third electro-acoustic mnput transducer 14 for reception
ol audio 1nput signals.

The first 10, second 12 and third 14 electro-acoustic input
transducer are provided in the microphone boom.

The headset 2 comprises a first beamformer 16 configured
for providing a voice signal (not shown). The voice signal 1s
based on a first input signal 20 from the first input transducer
10.

The first beamformer 16 1s configured to optimize the
voice-to-background noise ratio.

The headset 2 comprises a second beamformer 26 con-
figured for providing a pop-noise signal 28. The pop-noise
signal 28 1s based on the first input signal 20 from the first
input transducer 10, the second input signal 22 from the
second mput transducer 12, and a third mput signal 24 from
the third mput transducer 14. The second beamiormer 26 1s
adaptively configured to cancel voice and background noise
while not cancelling pop-noise.

The headset 2 comprises a comparator 30 configured to
repeatedly compare the pop-noise signal 28 to the voice
signal within each of multiple frequency bands to determine
time periods and frequency bands having pop-noise. In the
determined time periods and frequency bands having pop-
noise, the pop-noise, 1 an output signal 32 configured to be
transmitted to the far-end device, 1s reduced.

FIG. 2 schematically illustrates an example of a headset
2 for reducing pop-noise 1n voice communication between a
user and a far-end device. The headset 2 1s configured to be
worn by the user. The headset 2 comprises a microphone
boom (not shown) having a first end and a second end. The
first end 1s configured to point towards the mouth of the user,
when the user 1s wearing the headset.

The headset 2 comprises a first electro-acoustic 1nput
transducer 10, a second electro-acoustic mput transducer 12
and a third electro-acoustic mnput transducer 14 for reception
of audio input signals.

The first 10, second 12 and third 14 electro-acoustic input
transducer are provided in the microphone boom.

The headset 2 comprises a first beamiormer 16 configured
for providing a voice signal 18. The voice signal 18 1s based
on a first input signal 20 from the first input transducer 10
and the second input signal 22 from the second input
transducer 12. Optionally, the voice signal 18 may also be
based on the third mput signal 24 from the third input
transducer 14. The first beamiormer 16 1s configured to
optimize the voice-to-background noise ratio.

The headset 2 comprises a second beamformer 26 con-
figured for providing a pop-noise signal 28. The pop-noise
signal 28 1s based on the first input signal 20 from the first
input transducer 10, the second mput signal 22 from the
second input transducer 12, and the third mput signal 24
from the third mput transducer 14. The second beamiormer
26 1s adaptively configured to cancel voice and background
noise while not cancelling pop-noise.

The headset 2 comprises a comparator 30 configured to
repeatedly compare the pop-noise signal 28 to the voice
signal 18 within each of multiple frequency bands to deter-
mine time periods and frequency bands having pop-noise. In
the determined time periods and frequency bands having
pop-noise, the pop-noise, 1n an output signal 32 configured
to be transmitted to the far-end device, 1s reduced.

The pop-noise 1n the output signal 32 may be reduced by
replacing the voice signal, in the determined time periods
and frequency bands having pop-noise, with the third mput
signal 24 from the third mput transducer 14.
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Alternatively and/or additionally, the pop-noise in the
output signal 32 may be reduced by replacing or suppressing
the voice signal, 1n the determined time periods and 1ire-
quency bands having pop-noise, with a comfort signal 36.

The pop-noise reduced output signal 32 may also be
transmitted to a general noise suppression unit 38 for general
noise suppression before transmission to the far end device.

The first input signal 20 from the first input transducer 10,
the second input signal 22 from the second input transducer
12, and the third mput signal 24 from the third input
transducer 14 may be equalized 1n an equalizer 34 before
being transmitted to the first and second beamformer.

FIG. 3 schematically illustrates an example of a headset
2 for reducing pop-noise 1 voice communication between a
user and a far-end device, and at the same time providing
sidetone.

The headset 2 1s configured to be worn by the user. The
headset 2 comprises a microphone boom (not shown) having
a first end and a second end. The first end 1s configured to
point towards the mouth of the user, when the user 1s
wearing the headset.

The headset 2 comprises a first electro-acoustic input
transducer 10, a second electro-acoustic mput transducer 12
and a third electro-acoustic mnput transducer 14 for reception
of audio 1put signals.

The first 10, second 12 and third 14 electro-acoustic input
transducer are provided in the microphone boom.

The headset 2 comprises a first beamiormer 16 configured
for providing a voice signal. The voice signal 1s based on a
first input signal 20 from the first mput transducer 10.
Optionally, the voice signal may also be based on the second
input signal 22 from the second mmput transducer 12 and the
third mnput signal 24 from the third input transducer 14. The
first beamformer 16 1s configured to optimize the voice-to-
background noise ratio.

The headset 2 comprises a second beamiormer 26 con-
figured for providing a pop-noise signal. The pop-noise
signal 1s based on the first input signal 20 from the first input
transducer 10, the second input signal 22 from the second
input transducer 12, and the third input signal 24 from the
third 1input transducer 14. The second beamiformer 26 1s
adaptively configured to cancel voice and background noise
while not cancelling pop-noise.

The headset 2 comprises a comparator 30 configured to
repeatedly compare the pop-noise signal to the voice signal
within each of multiple frequency bands to determine time
periods and frequency bands having pop-noise. In the deter-
mined time periods and frequency bands having pop-noise,
the pop-noise, 1 an output signal 32 configured to be
transmitted to the far-end device, 1s reduced.

The headset 2 comprises an output transducer 40 for
reproduction of audio signals. The output signal 32 1s
transmitted to the output transducer 40 via a sidetone unit 42
thereby applying the reduced pop noise output signal 32 to
the user of the headset 2. The output transducer 40 may be
a speaker, a receiver etc. Transmitting the pop-noise reduced
output signal 32 to the output transducer 40 of the headset
2 provides that the user of the headset can hear the same

output signal 32 as 1s being outputted to the far-end device.
This 1s called sidetone.

The output transducer 40 also receives the far end device
audio signal 44.

FIGS. 4A-4B schematically illustrate an example of a
headset 2 for reducing pop-noise 1 voice communication
between a user and a far-end device. The headset 2 1s
configured to be worn by the user.
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FIG. 4A shows that the headset 2 comprises a microphone
boom 4 having a first end 6 and a second end 8. The first end
6 1s configured to point towards the mouth of the user, when

the user 1s wearing the headset 2.

FIG. 4B shows that the headset 2 comprises a first
clectro-acoustic input transducer 10, a second electro-acous-
tic 1nput transducer 12 and a third electro-acoustic input
transducer 14 for reception of audio put signals.

The first 10, second 12 and third 14 electro-acoustic input
transducer are provided 1n the microphone boom 4. The first
10, second 12 and third 14 electro-acoustic mnput transducer
may be provided in an end-fire configuration.

FIG. 5§ schematically illustrates an example of speech
spectrogram overlaid with a detected pop noise pattern. The
speech spectrogram 1s a time, frequency graph showing
pop-noise 1n the speech of a user.

The frequency, measured 1n Hz, 1s shown on the y-axis as
a function of time, measured in seconds, on the x-axis. On
the graph pop or pop noise 1n the user speech 1s indicated by
arrows. Breath of the user 1s also indicated.

Some examples of headsets and methods of manufacture
are set out as follows.

There 1s disclosed a headset for reducing pop-noise 1n
volce communication between a user and a far-end device,
the headset 1s configured to be worn by the user, the headset
having any or all of the following elements:

a microphone boom having a first end and a second end,
where the first end 1s configured to point towards the
mouth of the user, when the user 1s wearing the headset;

a first, a second and a third electro-acoustic mput trans-
ducer for reception of audio signals, where the first,
second and third electro-acoustic mnput transducers are
provided 1n the microphone boom;

a first beamiormer configured for providing a voice signal
the voice signal 1s based on a first input signal from the
first input transducer, where the first beamformer 1is
configured to optimize the voice-to-background noise
rat1o;

a second beamformer configured for providing a pop-
noise signal, the pop-noise signal 1s based on the first
input signal from the first input transducer, the second
input signal from the second input transducer and a
third input signal from the third input transducer, where
the second beamiormer 1s adaptively configured to
cancel voice and background noise while not cancelling
POP-NOISE;

a comparator configured to repeatedly compare the pop-
noise signal to the voice signal within each of multiple
frequency bands to determine time periods and fre-
quency bands having pop-noise;

wherein 1n the determined time periods and frequency bands
having pop-noise, the pop-noise in an output signal config-
ured to be transmitted to the far-end device 1s reduced.

Also disclosed 1s a headset wherein pop-noise 1s wind
turbulence caused by airtlow from at least the mouth of the
user wearing the headset.

Also disclosed 1s a headset wherein the first input trans-
ducer and the second put transducer are arranged on the
microphone boom with a shorter distance from the first end
than the distance between the first end and the third input
transducer.

Also disclosed 1s a headset wherein reducing the pop-
noise 1n the output signal comprises replacing the voice
signal with the third input signal from the third input
transducer in time periods and frequency bands having
pOp-noise.
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Also disclosed 1s a headset wherein reducing the pop-
noise 1n the output signal comprises mixing the voice signal,
in time periods and frequency bands having pop-noise, with
a comiort signal and/or with the third input signal.

Also disclosed 1s a headset wherein reducing the pop-
noise 1n the output signal comprises suppressing, such as
removing the voice signal 1n time periods and frequency
bands having pop-noise.

Also disclosed 1s a headset wherein first beamiformer 1s
adapted to optimize the voice-to-background noise ratio by
using a Minimum Vanance Distortionless Response
(MVDR) computation or a Generalised Sidelobe Canceller
(GSC) computation.

Also disclosed 1s a headset wherein the second beam-
former adaptively cancels voice and background noise while
not cancelling pop-noise by cancelling the parts of the input
signals which are correlated and keeping the parts of the
input signals which are uncorrelated

Also disclosed 1s a headset wherein the first input trans-
ducer and the second input transducer are arranged to
provide that the first input signal and the second 1nput signal
are more correlated than each of the first input signal and
second 1nput signal are correlated to the third input signal.

Also disclosed 1s a headset wherein the headset comprises
a fourth mput transducer.

Also disclosed 1s a headset wherein the voice signal
provided by the first beamformer 1s further based on the
second 1nput signal from the second input transducer, and/or
the third 1input signal from the third input transducer and/or
the fourth 1nput signal from the fourth mnput transducer.

Also disclosed 1s a headset wherein the headset comprises
an output transducer for reproduction of audio signals; and
wherein the output signal 1s transmitted to the output trans-
ducer thereby applying the reduced pop noise output signal
to the user of the headset.

Also disclosed 1s a headset wherein the first, second and
third electro-acoustic mput transducer are provided in the
microphone boom 1n an end-fire configuration.

Also disclosed 1s a headset wherein the microphone boom
1s longer than 5 cm, such as longer than 6 cm, such as longer
than 7 cm, such as longer than 8 cm, such as longer than 10
cm, such as longer than 12 cm, such as longer than 14 cm.

Also disclosed 1s a headset wherein 1s a method 1n a
headset for reducing pop-noise in voice communication
between a user wearing the headset and a far-end device, the
headset comprises:

a microphone boom having a first end and a second end,
where the first end 1s configured to point towards the
mouth of the user, when the user 1s wearing the headset;

a first, a second and a third electro-acoustic 1nput trans-
ducer for reception of audio signals, where the first,
second and third electro-acoustic input transducer are
provided 1n the microphone boom;

the method comprises any or all of the following steps 1n any
order:

receiving a first audio signal 1n the first electro-acoustic
input transducer, a second audio signal in the second
clectro-acoustic 1nput transducer and a third audio
signal 1n the third electro-acoustic mput transducer;

providing a voice signal 1n a first beamformer, the voice
signal 1s based on the first mnput signal from the first
input transducer, where the first beamiormer 1s config-
ured to optimize the voice-to-background noise ratio;

providing a pop-noise signal 1n a second beamformer, the
pop-noise signal 1s based on the first input signal from
the first input transducer, the second mnput signal from
the second iput transducer and the third input signal
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from the third input transducer, where the second
beamformer 1s adaptively configured to cancel voice
and background noise while not cancelling pop-noise;
repeatedly comparing, in a comparator, the pop-noise
signal to the voice signal within each of multiple
frequency bands to determine time periods and fre-
quency bands having pop-noise;
reducing the pop-noise 1 an output signal configured to
be transmitted to the far-end device 1n the determined
time periods and frequency bands having pop-noise.
Although particular features have been shown and
described, 1t will be understood that they are not intended to
limit the claimed invention, and 1t will be made obvious to
those skilled in the art that various changes and modifica-
tions may be made without departing from the scope of the
claimed invention. The specification and drawings are,
accordingly to be regarded in an illustrative rather than
restrictive sense. The claimed invention 1s intended to cover
all alternatives, modifications and equivalents.

LIST OF REFERENCES

2 headset

4 microphone boom

6 first end of microphone boom
8 second end of microphone boom
10 first input transducer

12 second input transducer

14 third mput transducer

16 first beamiormer

18 voice signal

20 first 1input signal

22 second 1nput signal

24 third mnput signal

26 second beamiormer

28 pop-noise signal

30 comparator

32 output signal

34 equalizer

36 comiort signal

38 noise suppression unit

40 output transducer

42 sidetone umit

44 audio signal from the far end device

The mvention claimed 1s:

1. A headset for reducing pop-noise 1n voice communi-
cation between a user and a far-end device, the headset 1s
configured to be worn by the user, the headset comprises:

a microphone boom having a first end and a second end,
where the first end 1s configured to point towards the
mouth of the user, when the user 1s wearing the headset;

a first, a second and a third electro-acoustic mput trans-
ducer for reception of audio signals, where the first,
second and third electro-acoustic input transducers are
provided 1n the microphone boom, such that the first
clectro-acoustic input transducer 1s closest to the user’s
mouth and the third electro-acoustic mput transducer 1s
further away from the user’s mouth, when the user 1s
wearing the headset;

a first beamformer configured for providing a voice
signal, the voice signal 1s based on at least a first input
signal from the first mput transducer, where the first
beamiormer 1s configured to optimize the voice-to-
background noise ratio;

a second beamformer configured for providing a pop-
noise signal, the pop-noise signal 1s based on the first
iput signal from the first input transducer, a second
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input signal from the second input transducer and a
third input signal from the third input transducer, where
the second beamiormer 1s adaptively configured to
cancel voice and background noise while not cancelling
POP-N01SE;

a comparator configured to repeatedly compare the pop-
noise signal to the voice signal within each of multiple
frequency bands to determine time periods and {ire-
quency bands having pop-noise;

wherein in the determined time periods and frequency
bands having pop-noise, the pop-noise 1 an output
signal configured to be transmitted to the far-end device
1s reduced by replacing or mixing the voice signal with
the third 1nput signal.

2. A headset according to claim 1, wherein pop-noise 1s
wind turbulence caused by airtflow from at least the mouth
of the user wearing the headset.

3. A headset according to claim 1, wherein the first input
transducer and the second input transducer are arranged on
the microphone boom with a shorter distance from the first
end than the distance between the first end and the third
input transducer.

4. A headset according to claim 1, wherein reducing the
pop-noise 1n the output signal comprises replacing the voice
signal with the third input signal from the third input
transducer in time periods and frequency bands having
pOp-noise.

5. A headset according to claim 1, wherein reducing the
pop-noise 1n the output signal comprises mixing the voice
signal, 1n time periods and frequency bands having pop-
noise, with a comfort signal and/or with the third nput
signal.

6. A headset according to claim 1, whereimn reducing the
pop-noise 1n the output signal comprises suppressing, by
removing the voice signal in time periods and frequency
bands having pop-noise.

7. A headset according to claim 1, wherein the first
beamformer 1s adapted to optimize the voice-to-background
noise ratio by using a Mimmum Variance Distortionless
Response (MVDR) computation or a Generalised Sidelobe
Canceller (GSC) computation.

8. A headset according to claim 1, wherein the second
beamformer adaptively cancels voice and background noise
while not cancelling pop-noise by cancelling the parts of the
input signals which are correlated and keeping the parts of
the mput signals which are uncorrelated.

9. A headset according to claim 1, wherein the first input
transducer and the second put transducer are arranged to
provide that the first input signal and the second input signal
are more correlated than each of the first input signal and
second 1nput signal are correlated to the third 1nput signal.

10. A headset according to claim 1, wherein the headset
comprises a fourth input transducer.

11. A headset according to claim 1, wherein the voice
signal provided by the first beamformer 1s further based on
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the second input signal from the second mput transducer,
and/or the third input signal from the third mput transducer
and/or the fourth mnput signal from the fourth mmput trans-
ducer.

12. A headset according to claim 1, wherein the headset
comprises an output transducer for reproduction of audio
signals; and wherein the output signal 1s transmitted to the
output transducer thereby applying the reduced pop noise
output signal to the user of the headset.

13. A headset according to claim 1, wherein the first,
second and third electro-acoustic mput transducer are pro-
vided 1n the microphone boom in an end-fire configuration.

14. A headset according to claim 1, wherein the micro-
phone boom 1s longer than 5 cm.

15. A method 1n a headset for reducing pop-noise in voice
communication between a user wearing the headset and a
tar-end device, the headset comprises:

a microphone boom having a first end and a second end,
where the first end 1s configured to point towards the
mouth of the user, when the user 1s wearing the headset;

a first, a second and a third electro-acoustic input trans-
ducer for reception of audio signals, where the first,
second and third electro-acoustic 1nput transducer are
provided 1n the microphone boom, such that the first
clectro-acoustic mput transducer 1s closest to the user’s
mouth and the third electro-acoustic mput transducer 1s
further away from the user’s mouth, when the user 1s
wearing the headset;

the method comprises:

recerving a first audio signal in the first electro-acoustic
iput transducer, a second audio signal 1n the second
clectro-acoustic input transducer and a third audio
signal 1n the third electro-acoustic mput transducer;

providing a voice signal 1n a first beamiormer, the voice
signal 1s based on at least the first input signal from the
first 1nput transducer, where the first beamformer 1s
configured to optimize the voice-to-background noise
rat10;

providing a pop-noise signal in a second beamiformer, the
pop-noise signal 1s based on the first input signal from
the first input transducer, the second mnput signal from
the second 1nput transducer and the third mput signal
from the third mput transducer, where the second
beamiormer 1s adaptively configured to cancel voice
and background noise while not cancelling pop-noise;

repeatedly comparing, in a comparator, the pop-noise
signal to the voice signal within each of multiple
frequency bands to determine time periods and fre-
quency bands having pop-noise;

reducing the pop-noise 1n an output signal configured to
be transmitted to the far-end device 1n the determined
time periods and frequency bands having pop-noise, by
replacing or mixing the voice signal with the third input

signal.
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